Abstract: This paper aims to advocate for a sustainable healthcare system and the need for pursuing a new set of goals in designing it, given the current challenges in European Union (EU28). The EU28 member states are in different phases of economic integration, and yet far from an authentic integrated market. Despite the real gains in other domains, such as commercial and competition, public health is very different across the EU28 space and lacks a common integrated and sustainable approach. Herein a sustainable healthcare model is introduced and is based on four components, two for the inputs and two for the outputs of the healthcare system, each component being further categorized into two factors. The method consists of the assessment of a new and suggestive common index of sustainable healthcare (ISH). The methodology consists of five steps: data gathering, data validation, normalization of data by applying the utilities theory, aggregation of data, and construction of the ISH index. The methodology allows the assessment of a composite ISH which captures the complexity of the national healthcare systems. The ISH is then applied to specific circumstances from different countries and is used in a cross-country analysis to determine the progress towards a sustainable healthcare.
Introduction
Every person is a patient at a certain moment in life, and consequently the quality of healthcare is an important aspect of every person's life and should be a major concern for national, regional and international authorities. The national health policy should establish an equity-based system, focused on results, obtained by promoting value and quality. Consistency of healthcare should be for all healthcare providers and all nations around the globe [1] . The healthcare system and its strengthening are seen as crucial for sustainable development [2] , a development that pursues the fulfilment of the needs of present generation, but in a manner that will allow "future generations to meet their own needs" [3] . However, healthcare should be sustainable indefinitely and must be seen as a priority by all national/regional and international actors. Generally speaking, sustainable healthcare represents a complex system that is economically, socially, and environmentally viable in the long term for all human beings, with no negative impacts on any subsystem of the healthcare system. A clearer description was given by Prada, Grimes, and Sklokin [4] who defined sustainable healthcare as "the appropriate balance between the cultural, social, and economic environments designed to meet the health care needs of individuals" with the goal to obtain "optimal health care outcomes without compromising the outcomes and ability of future generations to meet their own health care needs".
Today, healthcare systems are pressured by many constraints, having limited resources and an increasing demand, especially from an aging population, which is far from being sustainable. The road to a sustainable healthcare system requires many improvements, including safety and equity for considers a straightforward yet rigorous methodology, where sustainable healthcare incorporates four components and eight essential factors which pursue the welfare of individuals in terms of health, taking into account the inputs and outputs in/from the healthcare system. The ISH is assessed and is used in a cross-country analysis to determine the progress of the member states of the EU28 on the sustainable healthcare road. The ISH is further used to identify the inequalities in the healthcare systems and may be used to lessen these by suggesting dedicated interventions/actions required by some member states.
Methods

Conceptual Framework of Sustainable Healthcare
The conceptual framework of sustainable healthcare was designed based on safety and welfare of individuals in terms of healthcare (see Figure 1) . The most desirable, feasible, and available set of components, referring to the inputs and outputs of the healthcare system, was selected. Each component was further categorized into two factors, each factor aiming to identify the measures that might lead to a sustainable improvement of population health. incorporates four components and eight essential factors which pursue the welfare of individuals in terms of health, taking into account the inputs and outputs in/from the healthcare system. The ISH is assessed and is used in a cross-country analysis to determine the progress of the member states of the EU28 on the sustainable healthcare road. The ISH is further used to identify the inequalities in the healthcare systems and may be used to lessen these by suggesting dedicated interventions/actions required by some member states.
Methods
Conceptual Framework of Sustainable Healthcare
The conceptual framework of sustainable healthcare was designed based on safety and welfare of individuals in terms of healthcare (see Figure 1) . The most desirable, feasible, and available set of components, referring to the inputs and outputs of the healthcare system, was selected. Each component was further categorized into two factors, each factor aiming to identify the measures that might lead to a sustainable improvement of population health. The model was built on four components, each having two factors (4*2 data). The first two components are about the inputs into the healthcare system and the last two are about the outputs. In such a way, the following components and factors were considered, taking into account the identified problems (see Table 1 ):

Inputs of the healthcare system:  Component 1: "Supply of medical care and access to medical care" is based on the two factors (1) medical doctors [21] and (2) out-of-pocket expenditure for medical act [7]  Component 2: "Providers of health" contains the factors (1) available hospital beds [22, 23] and (2) health expenditure [24]  Outputs of the healthcare system:  Component 3: "Personal health" is linked to the two factors of (1) life expectancy at birth [25] and (2) fertility rate [26]  Component 4: "Disease control" is based on the factors of (1) incidence of tuberculosis [27] and (2) infant mortality rate [28, 29] The model was built on four components, each having two factors (4*2 data). The first two components are about the inputs into the healthcare system and the last two are about the outputs. In such a way, the following components and factors were considered, taking into account the identified problems (see Table 1 ):
• Inputs of the healthcare system:
• Component 1: "Supply of medical care and access to medical care" is based on the two factors (1) medical doctors [21] and (2) out-of-pocket expenditure for medical act [7] • Component 2: "Providers of health" contains the factors (1) available hospital beds [22, 23] and (2) health expenditure [24] • Outputs of the healthcare system:
• Component 3: "Personal health" is linked to the two factors of (1) life expectancy at birth [25] and (2) fertility rate [26] • Component 4: "Disease control" is based on the factors of (1) incidence of tuberculosis [27] and (2) infant mortality rate [28, 29] The selection of factors relevant to this study is based on their importance, but also on their availability supported by international databases and being SMART factors (specific, measurable, achievable, relevant, and time-bound). The data for all the factors is accessible and comparable for all EU28 member states [21] [22] [23] [24] [25] [26] [27] [28] [29] , as the European comparative analysis used quantitative data. Possibly more relevant factors, such as number of medical doctors/nurses, informal payments to medical doctors, corruption, ambulatory care, and deaths by nosocomial infections would be more relevant, but unfortunately there is neither data available for all EU28 countries, nor for the research interval.
Factor 1: The number of health graduates was considered as an indication of the available qualified medical supply, and the maximum value was considered as desirable for ISH determination. The national qualified medical supply takes into consideration sociodemographic development, such as the interaction between patient and the provider of healthcare is facilitated by the common language and cultural heritage. Practicing physicians in the EU28 countries-medical doctors and nursing and caring professionals-would have been selected, but the data was not available for neither medical doctors [30] nor for nursing professionals [31] for many countries belonging to the EU28 for the whole research interval.
Factor 2: This factor was considered because the inability to pay out-of-pocket money may hinder the patient's access the healthcare system [32] . Out-of-pocket expenditure was selected and the minimum was considered for ISH determination, as the healthcare systems that are requiring low out-of-pocket payments may provide better protection to the poor population [33] .
Factor 3: This factor considered available hospital beds as an indicator of the availability of healthcare and is generally used as an indicator of the socioeconomic development of a country/region [34] . It describes the hospitals' capacities available to the population of a certain country and is used by international organizations as a health service indicator [35] . The maximum condition was assumed for ISH determination.
Factor 4: This factor was based on health expenditure as a % of GDP, as McKlee [6] emphasized that the main problems of the 13 member states that accessed the EU after 2004 are correlated with lower spending for healthcare. While high spending cannot be correlated with best healthcare outcomes, like in the case of United States of America (USA), spending below a minimum threshold can affect the quality of the healthcare system and the safety of patients. The maximum condition was assumed for ISH determination, as the low values recorded for some countries show that the European medical systems are requiring more financial resources. Metaphorically, this factor resembles Max Plank's quantum theory, in which the healthcare system is the atom that must have a specific minimum amount of energy, that being the financial resources, in order to emit electrons, those being the improved outcomes. However, by increasing the energy, this would not have the effect of emissions of more electrons, meaning that above a threshold an increase in the healthcare expenditure may rather be correlated with inefficient spending than with positive health outcomes.
Factor 5: The analysis of the personal health component started with the selection of a factor which may cover all aspects of life. Life expectancy at birth was selected as all-cause mortality and includes amendable and preventable deaths; it is an important outcome of the medical systems, as it summarizes the length and quality of life. The amendable deaths of the EU citizens would have been selected instead if the data were available for the whole research interval and for all countries of the EU28 [36] . By considering "life expectancy as the outcome of health spending", the efficiency of healthcare may be better measured [37] . The maximum condition was assumed for ISH determination.
Factor 6: Fertility rate was selected as a factor because it includes (1) the health problems and how they are addressed by the healthcare system; (2) lifestyle choices; and (3) the national policy to support increasing birth rates in developed countries. The maximum condition was assumed for ISH determination.
Factor 7: Incidence of tuberculosis was selected as a factor which reflects the possibilities of the healthcare system to eradicate severe diseases, amendable to health prevention and care. The minimum condition was assumed for ISH determination.
Factor 8: Infant mortality rate was selected, as it reflects the possibilities of the national healthcare system to support new life. The future of a nation resides in its capability to safeguard the future generation and the chances of survival for an infant are important outcomes of the sustainability of the healthcare system. The minimum condition was assumed for ISH determination.
Methodology Used for ISH Determination
A methodology was created to determine a new suggestive yet rigorous index, the index of sustainable healthcare (ISH), which is based on the basic needs of individuals in terms of healthcare. The design of the ISH is based on data about 28 member states of the EU. The data cover the period of 1995-2013, with the aim to investigate what happened within the European health context within the last 20 years. The methodology consists of five steps and is presented in Figure 2 . The methodology for index of sustainable healthcare (ISH) identification. Note: transposition of data into dimensionless units was done according to [38] .
Results
Factors of Sustainable Healthcare
The analysis of each factor reveals a mixed picture of the healthcare system throughout the space of EU28. The analysis of the eight factors reveals the impact of the measures taken by each of the EU28 member states and the progress registered since 1995. The actual values of F1-F8 are revealed by Table 2 .
The values of F1 (medical doctors, expressed as number of health graduates/100,000 inhabitants) varied in 1995 from 0.0 in Cyprus to 13.94 in Finland, whereas in 2013 Cyprus still had 0.00, while Malta increased to 20.31. The situation was alarming for the Cyprus authorities, who decided to introduce the first Medical School at the University of Nicosia in 2011, which had the graduation ceremony for the first recipients of the school's Bachelor Degree in Medicine in 2015 (4 years' program) [39] . The methodology for index of sustainable healthcare (ISH) identification. Note: transposition of data into dimensionless units was done according to [38] .
Results
Factors of Sustainable Healthcare
The analysis of each factor reveals a mixed picture of the healthcare system throughout the space of EU28. The analysis of the eight factors reveals the impact of the measures taken by each of the EU28 member states and the progress registered since 1995. The actual values of F1-F8 are revealed by Table 2 . Note: with bold letters are represented data that were mathematically interpolated. Sources: data processed from [7, [21] [22] [23] [24] [25] [26] [27] [28] [29] .
The values of F1 (medical doctors, expressed as number of health graduates/100,000 inhabitants) varied in 1995 from 0.0 in Cyprus to 13.94 in Finland, whereas in 2013 Cyprus still had 0.00, while Malta increased to 20.31. The situation was alarming for the Cyprus authorities, who decided to introduce the first Medical School at the University of Nicosia in 2011, which had the graduation ceremony for the first recipients of the school's Bachelor Degree in Medicine in 2015 (4 years' program) [39] .
For F2 (out of pocket expenditure of each person as % of total health expenditure) the values varied in 1995 from 6.18% in Luxembourg to 63.27 in Cyprus, while in 2013 Netherland scored best with 5.39%, while Cyprus was placed the last position, but with a better number of 46.42%. This very large value for Cyprus is explained also by F1, as F1 is a real strategic factor for any economy, because the national safety depends on the possibilities of providing healthcare with domestic doctors.
F3
F4 (total health expenditure as a % of GDP) varied largely across the EU28 space and the minimum value for 1995 was registered for Romania with 3.22%, while the maximum was registered by France with 10.32%. In 2013, the situation showed a mild improvement and the values of F4 varied from 5.34% in Romania to 12.89% in Netherlands. The mean EU28 values slightly progressed from about 7.0% in 1995 to 8.7% in 2013, scoring an increase of about 24% within the considered interval.
F5 (life expectancy at birth (total)-healthy life years) showed a large discrepancy among member states of EU28. Thus, in 1995 the life expectancy for both males and females was 66.39 in Latvia and 78.74 in Sweden, while in 2013, the last position was occupied by Lithuania with 73.91, and the first by Spain with 83.08. The situation improved significantly over the studied interval, but new problems may arise considering the aging of population. However, there is a large inequality among EU28 member states; for 2013 the life expectancy had a difference of 10 years between the best and worst performing country for this factor.
F6 (fertility rate-number of births/woman) showed mild progress for the minimum and a mild drop for maximum values. Consequently, in 1995 the number of births/woman were of 1.17 in Spain and 2.12 in Cyprus, while in 2013 the number of births/woman were 1.28 for Portugal and 2.01 for both France and Ireland. F7 (tuberculosis cases/100,000 inhabitants) showed a large discrepancy among the EU28. In 1995 the maximum was registered for Romania with 189 cases/100,000, while the minimum was recorded for Cyprus with only 4.8 cases/100,000 inhabitants. The situation improved for 2013, the Romania still scored last with 89 cases/100,000, while Greece recorded the minimum with 5 cases/100,000 inhabitants. The situation improved considerably for EU28 mean, from a value of 36.75 in 1995 to 17.17 in 2013. Even for Romania the values dropped significantly, but not enough, as the quality of healthcare for tuberculosis patients was very poor [40] proving a lack of financial resources and political will to address this problem.
F8 (number of infants dying before reaching one year of age/1000 live births) showed a large difference among EU member states and an alarming inequality. In 1995 the maximum value for the infant mortality rate was recorded for Romania with 27.3, while the minimum was recorded for Sweden with 4. The overall European situation improved in 2013, the maximum being recorded again for Romania with 10.50, while the minimum was of 1.60 for Luxembourg. Consequently, the children born in Romania have fewer chances to survive than others born in different countries, for each infant dying before reaching one year in Luxembourg, 10 are recorded in Romania.
The utilities were calculated as presented at step 3 of the methodology and their values are given in Table 3 . Note: with bold letters are identified the best countries for each utility (for which utility is 1).
Index of Sustainable Healthcare
The utilities allowed the calculation of ISH for each country and year, as presented in steps 3 and 4 of the methodology. Table 4 contains the actual values of ISH for the 28 member states of the EU, ranked from best to worst (ISH is better as it approaches 1), using data for 1995 and 2013. During 1995-2013 some countries progressed, the top 5 performers being Slovenia, Netherlands, Denmark, Portugal, and United Kingdom, while others regressed such as Bulgaria, Latvia, Lithuania, Cyprus, and Slovakia. Note: with bold letters are identified the best performing countries, that registered an increase during the analysed interval.
The methodology allowed the splitting of countries into three groups (see Table 5 ):
• Group I: sustainable countries-characterized by values of ISH > 0.70, meaning that the countries applied meaningful measures dedicated to increase wellbeing of their inhabitants, in terms of healthcare system development. These are the best countries for a patient to be treated in.
•
Group II: on-track countries-characterized by 0.50 < ISH < 0.70, indicating that the countries applied necessary, but insufficient, measures.
Group III: unsustainable countries-characterized by ISH < 0.50, meaning that the countries employed measures which adversely affected the population, being both unnecessary and insufficient. These are the worst countries for a patient to be treated in. The measures taken by each country of the EU28 are reflected in the progress/regress of each of the eight factors, F1-F8, presented in Table 2 , and the overall effect by the increase/decrease of the ISH.
Discussion
Overall, the healthcare system worsened within the EU28 space, the EU average recording a decrease of about 7% in the last 20 years. The concerning fact is that over the studied interval, the number of unsustainable countries increased from 2 in 1995 to 6 in 2013. The first position is occupied by France in both years, while the last position is recorded for Romania in 1995 and Latvia in 2013, Romania occupying the penultimate position in 2013. The ISH may be used to identify the measures needed for a given country to improve the healthcare. For instance, the worst performing country in 1995, which was Romania, did not improve very much during the studied interval. The ISH mildly increased over the research interval from ISH 1995 = 0.3179 to ISH 2013 = 0.3221, but the country did not recuperate and still registered the last place for financial support (F4), tuberculosis cases (F7), and infant mortality rate (F8). Some of Romania's inputs seem on the right track, such as medical doctors (F1) and available hospital beds (F3), and the national government should stimulate these two strong points by motivating the medical graduates to practice medicine domestically, by awarding their performance, offering incentives, and decent work schedules; all these measures lead to improved quality of medical treatment. However, all the other input factors determine alarming outputs, therefore, the main actions should be directed at improving the weak points and to encourage the strong points:
• Address the weak points by:
• Improving the funding of the healthcare system, as the country still has the lowest total health expenditure as a % of GDP from EU28; the health expenditure may be correlated to the health outcomes, if this is below a certain limit. Evidence proved that an increase in the health expenditure generates improvements, to a large extent for infant mortality or marginally for life expectancy [41] .
• design an action plan for fighting tuberculosis; • combat infant mortality rate by urgent measures.
• Encourage the development of strong points by:
• offering incentives for motivating the medical graduates to practice medicine domestically; • updating the available hospital care to increase the quality of medical treatment and improving overall performance.
All these measures can be addressed by a better national health policy for Romania, which should better respond to actual societal challenges. Therefore, the discussion is really about the usefulness of the health policy and the reform of the healthcare system on the bottlenecks identified by ISH. The public health should be free of political momentary interests and characterized by continuity, regardless of the political party which is provisionally in a leading position. When the ministry and teams are changing, the health strategy should survive. Unfortunately, there are institutional national amnesia and inertia when addressing healthcare problems in several EU countries. Instead of constantly changing the public health policy, as a result of different parties' involvement and diverse interests, the design of public health policy should be left for neutral experts. Therefore, I suggest a common European health policy-such as the functionality approach described by David Mitrany more than 60 years ago, which seems perfect for the health system-because in such a way more value will be created for society. Neutral national/regional/European institutions should collect data acquired from all stakeholders (patients, families, all health providers, payers) in order to analyse the healthcare data, integrate all the interests, and recommend appropriate measures. All the data recorded into patient notes from different healthcare providers should be integrated for the same patient, respecting all confidentiality protocols. The collaboration of all stakeholders should be a priority in reforming and preparing healthcare systems for the challenges to come. These neutral institutions will also act as an open source of information for researchers interested in the health system, containing data for non-identifiable patients. In such a way, a common European health policy and integrated monitoring and control of the healthcare system might level the large inequalities recorded among the EU28 member states and significantly improve the healthcare act.
The use of ISH may act as a strong tool for fostering public health policies, especially for countries belonging to group III. The transformation of society towards an aging population must involve not only a long life, but a healthy and a happy one. The catalyst of this transformation is the public health policy, and the measures taken by countries belonging to group I may be replicated for other countries willing to learn and transpose good practices. The ISH may be used in the process of decision-making and also in the implementation of the decisions, potentially contributing to the good governance in the healthcare system. The healthcare systems throughout the EU28 need a profound change, especially for countries belonging to group III; without this mandatory transformation their healthcare systems are likely to become unsustainable on the long term [42] . Decision-making, together with all the health stakeholders such as industry and civil-society, must better cooperate to put the population at the centre of healthcare strategies by improving the quality, safety, and efficiency of healthcare, and must have the population welfare as an ultimate goal.
The ISH has some limitations, based on the data availability, data on healthcare being sometimes limited by patient confidentiality [43] , unmonitored by the national/international authorities, or handled without transparency. Therefore, the selection of factors was limited by the available reliable data. Moreover, ISH does not claim to be a perfect index, as this is impossible [44, 45] , but it represents a rigorous, suggestive, and relevant index to be used in comparison over time and in space (cross-countries analyses performed over time). Despite the limitations, the ISH provides important insights into the finding of weak and strong points of a certain country in terms of healthcare, and the identification of specific measures to be taken to improve a given situation. Identifying specific solutions to develop a sustainable healthcare system has proven to be a difficult task [43] . The ISH does not claim to hold a perfect recipe for sustainable healthcare or to solve the multiple problems of the healthcare systems, but introduces a new suggestive design, better tailored to the population needs, and which ultimately considers population welfare.
Decision-makers should also consider the potential of new technologies in the long term, therefore the next step in research is to enrich this model with innovation in healthcare delivery, which unfortunately takes place at a different pace in the EU28.
Conclusions
At present, there is a need for a transformation of the healthcare system in EU28, sustainable for all European citizens. EU28 is very different in healthcare inputs and outputs, as revealed by the present analysis, but similar in challenges such as population aging, economic burdens, and chronic disease control. EU28 member states have different yet complex healthcare systems, with a great potential for improvement. The patients have the same rights regardless of their country of residence, and major reforms of healthcare systems are needed in some countries, especially for those identified in group III by this paper. Therefore, a common European health policy is needed through the EU28 space, as the European citizens are free to travel and work in any EU country, but they may also get sick there, where the quality of healthcare might not be adequate. Therefore, the findings and suggestions of this paper may be used by decision-makers across EU28 space to improve the healthcare systems and to reach to a common European health policy. ISH intends to increase awareness of decision-makers about the health inequalities existing within EU28 space. Sustainable healthcare in EU28 is a "must" condition, given the current and foreseen challenges, and should be applied in all European countries, considering their specific needs that require targeted solutions.
The index, ISH, assessed by this paper can be applied to different circumstances characterising various healthcare national systems. The use of ISH allows the identification of suitable procedures required to fight against unsustainable practices and achieve an authentic sustainable healthcare. The application of the findings of this paper may induce the conversion of the best practices of national health policies into common measures of a new European health policy. This is one of the keys to preparing the European space for the aging problem by concentrating on the safety and quality of the healthcare system and by determining appropriate responses for countries that lack political will and audacity.
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